The present review highlights advanced strategies to the synthesis of the chromones annulated with O-and N-containing heterocycles at C(7)-C(8) bond. Due to the prevalence of such motives in different kinds of natural flavonoids and some alkaloids, fused chromones have attracted a great deal of attention so far. On the other hand a wide range of biological activities is displayed by the compounds of this type both among naturally occurring flavonoids and their synthetic analogues. 8-Carbonyl-7-hydroxychromones proved to be versatile synthones for the synthesis of angular hetarenochromones via approach of annulation of a heterocycle to the chromone core. It also addresses the question of the biological activity of naturally occurring and fused synthetic hetarenochromones.
Introduction
The chromone system is the core fragment of a group of natural flavonoids which are ubiquitous in nature and possess a wide spectrum of biological activity [1] .
Chromones are worth studying in view of a wide scope of their transformations employed in organic synthesis and are reported to be a privileged scaffold in drug discovery [2] .
Fused chromones have attracted a great deal of attention owing to a prevalence of such motives in different kinds of natural flavonoids and some alkaloids. Naturally occuring fused flavonoids are rather common to contain a pyran or furan ring annulated with chromene-4-one core. Natural furo [2,3- h]chromones and pyrano [2,3-f] chromones are known to possess antiviral, antimicrobial, insecticidal, fungicidal and psychotropic activity [3] . Some synthetic analogs of natural furo [2,3-h] chromones and pyrano [2,3-f] chromones, containing instead of a furan or pyran ring, azole or azine cycle, are much more active, and in some cases, change the pharmacological profile of drugs [4] .
Two approaches to the synthesis of chromones annulated with heterocycles at C(7)-C(8) bond such as annulation of heterocycle to the chromone core and annulation of γ-pyrone ring to benzohetarene core have been highlighted in the literature [3] .
The introduction of the carbonyl group ortho to the hydroxyl group in 7-hydroxychromones promotes the annulation reaction at C(7)-C(8) bond of chromone cycle. This fact allows consideration 8-carbonyl-7-hydroxychromones as versatile synthones for the synthesis of angular hetarenochromones via the first approach.
The present review is focused on the syntheses of furo [2,3-h] chromones, pyrano [2,3-f] give comparatively good yields of 8-formyl derivatives (Scheme 2). For the first time this method was applied to 7-hydroxychromones and flavones in 1939 [5] , and it remains the main method of synthesis for 8-formyl-7-hydroxychromones (2) up to date [6] . 
The synthesis of 8-formyl-7-hydroxychromones Under the Duff conditions the Mannich bases can also serve as starting materials in the 8-formyl-7-hydroxychromones' synthesis [13] . Heating of 8-dialkylamino-7-hydroxychromones (3) with HMTA in acetic acid during 1 h, followed by acid hydrolysis proved to be a convenient method for synthesis of 8-formyl-7-hydroxyisoflavones and their 3-hetaryl analogues (2) [10, 14] (Scheme 2).
The approach relied upon acylation of [17] .
When the above reaction was carried out in nitrobenzene as a solvent, lower yields were obtained [17] .
Scheme 3. The synthesis of 8-acyl-and 8-benzoyl-7-hydroxychromones hydroxychromones have been successfully used for annulation of 5, 6 and 7 membered heterocycles to the chromone core.
Furo[2,3-h]chromones
Chromones annulated with the furan ring are an abundant subclass of flavonoids, which are widely distributed in nature.
Naturally abundant furo [2,3-h] flavones, such as lancheolatin B (5), pongoglabol (6), pongaglabol methyl ether (7), pongaglabrone (8) and karanjin (9) which are the major constituents of the Pongamia genus are known to possess antibacterial, antifungal and cytotoxic activity [18, 19] (Figure 1 ).
Karanjin is used as bioinsecticide and biopesticide [19] . The wide range of biological properties of natural furo [2,3-h] were prepared starting from 7-hydroxy-8-formyl-and 8-acetylchromones on alkylation with ethyl bromoacetate (Method A) [20] [21] [22] [23] [24] [25] [26] [27] [28] or diethyl bromomalonate (Method B) [27, [29] [30] [31] [32] [33] [34] [27] .
Hydrolysis of 8-ester group in compounds 11, followed by decarboxylation led to 8-unsubstituted furo [2,3-h] chromones 12 [22, 23, 30, 31] . 2, 3, 5, 3, 6, tetramethylfuro [2,3-h] chromones were proposed as potential photochemotherapeutic agents [26] .
.
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Chromones annulated with pyrane cycle
This section includes the references on the annulation of pyrane, α-pyrone, γ-pyrone and fused pyrane rings to chromone core on the base of 8-carbonyl-7-hydroxychromones. atmosphere at room temperature using the Baylis-Hillman reaction conditions afforded 9-acetyl/formyl/cyano-substituted pyrano [2,3- f]chromones 14 in 65-81 % yields [37] [38] [39] [40] (Scheme 6). 
Pyrano[2,3-f]chromones
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Chromones annulated with α-pyrone cycle
Annulated with α-pyrone cycle at the C7-C8 bound chromones were proposed as potential photoreagents for DNA [43] . -Pyrono [2,3-f] flavones, their hetero analogues and isoflavones are known to display bacteriostatic activity [44, 45] . Partially
which are clausenidin [46, 47] and calomelanol D [48, 49] occur naturally. [9, 20] , -pyrono [2,3-f] flavones [5] and -pyrono [2,3-f] isoflavones [50] , while condensation with diethyl malonate, ethyl acetoacetate and cyanoacetic ester under the Knoevenagel conditions gave 9-carbethoxy, 9-acetyl and 9-cyano-4Н,8Н-pyrano [2,3- f]chromen-4,8-diones 21, respectively [20, 43] (Scheme 9). 9-Carbethoxy derivatives 21
(R 2 =CO2Et) underwent hydrolysis followed by decarboxylation to give 9-unsubstituted pyrano [2,3-f] chromen-4,8-diones 21 [20, 43] . tinctorius Hacke [56] [57] [58] [59] . Derivatives of this system revealed higher light-stability than natural analogues [60, 61] . They have been proposed as liquid crystals [62] and antiallergic agents [63, 64] . They were active in treating extrinsic allergic asthma, intrinsic asthma, hay fever, urticaria and auto-immune diseases [65] and were patented as antihistaminic [66] and аntiasthmatic agents [67] [68] [69] . Diels-Alder reaction [80] . A series of articles [80] [81] [82] [83] 
Chromeno-annulated
cis-fused pyrano [3,4- 
N-Containing fused chromones
In respect that furanochromones have been shown to posses a wide range of physiological properties [18, 19] , on analogy of these, the synthesis of a few isoxazolo [7,8-d ]flavones 68 has been undertaken with the expectation that these compounds may possess biological activity [84] .
Isoxazolo [7,8-d] warming on the water-bath has been found to be necessary to effect cyclization. [84] (Scheme 24). [7,8-d] 
flavones 68
The antibacterial activity of isoxazolo [7,8-d] (76) at C(7)-C(8) bond were patented as antagonists of VRI receptors [85] . C NMR spectroscopic data of aspergillitine synthesized by Simonetti did not match with the data for the natural product reported in [86] . The latter being close to the data recorded for natural alkaloid TMC-120 B (82) [87] . Therefore, the initially proposed structure of aspergillitine (77) remains unobserved among natural products [87, 88] .
7-Fluoro-analog of aspergillitine 83
was synthesized from the corresponding phenyliodonium salt 84, which was obtained from the ester 78 according to the Scheme 27 [89, 90] . [89, 90] . 
